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1 INTRODUCTION 
The benefits of the application of Information and 
Communication Technology (ICT) in the construc-
tion industry has been recognised widely by some 
practitioners and researchers for the last several 
years – the 1990s saw construction industries inter-
nationally using ICT with increasing confidence. 
The use of email became commonplace and web-
sites were established for marketing purposes. Intra-
nets and extranets were also established to facilitate 
communication within companies and throughout 
their branches. One of the important applications of 
ICT in the construction industry was the use of mo-
bile computing devices to achieve better communi-
cation and data transmission between construction 
sites and offices. 
It has been widely recognised that construction is 
an information intensive industry. Successful and 
timely project completion depends on the accuracy 
and timeliness of information. In the construction 
industry, project participants are normally geo-
graphically dispersed. As a result, the accessibility 
and transmission of critical project information can 
be difficult and potentially lead to delays in project 
delivery. Haas et al. (2002) stated that construction 
projects often experience extensive delays or rework 
due to information that is unavailable, inaccurate or 
simply outdated. The delays will, of course, decrease 
the overall construction project productivity and lead 
to indirect costs due to schedule delays or direct 
costs from rework. 
With this in mind, it can be said that there is an 
urgent need for construction organizations to pro-
vide their on-site construction personnel with tools 
that can provide accurate, reliable and timely infor-
mation to all participants. In addition, the tools 
should have capabilities for those participants to 
contribute to the body of project information at any 
time, hence keeping the project information up to 
date. Mobile computing is beginning to be recog-
nised as being able to provide solutions to these 
problems. Despite this, there are only a few publica-
tions that address the use or potential of mobile 
computing in construction (Magdič et al., 2002). The 
advent of technology such as fax machines, mobile 
phones, and email has aided in information ex-
change amongst project participants, but Haas et al. 
(2002) argued that technologies to benefit mobile 
workers were still in their infancy. 
On a typical construction project, the objectives 
of the implementation of mobile computing on the 
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construction sites are to add value to the constructed 
facilities, the contractor’s business, the owner’s 
company, or to other project participants. Significant 
effort is spent to ensure that time and money are not 
wasted, and improve quality and working condi-
tions. 
2 PROJECT COMMUNICATION PROBLEM 
Communication between project participants must 
occur frequently and effectively to ensure a success-
ful project completion. Traditionally, the informa-
tion flow in construction industry relies on paper and 
documenter’s memory (Coble, 1994), but this proc-
ess often introduces errors due to data loss or unin-
telligible field notes or incomplete recollection of in-
formation. 
On a typical construction project, information 
flows from top organisational level to the lower or-
ganisational level. The lower level normally receives 
information such as working instruction, tasks, 
specifications or construction drawings to be exe-
cuted. Information that flows up the hierarchy is 
typically only what is requested by management 
from the higher level position. This situation limits 
the workers and/or supervisors’ abilities to commu-
nicate with management (Oglesby et al., 1989). 
Currently, information is often “lost” in the sense 
that vital information is not retained for easy re-use 
and must be re-entered, or bulky manuals and draw-
ing folios must be carried, to ensure the employee 
working out of the office has rapid access to the in-
formation needed to perform some of their tasks 
(Weippert et al., 2002). In the construction industry, 
Neogroponte (1975) mentioned that lack of informa-
tion was identified as a major problem during the 
design stage. The lack can be caused in two ways 
such as (1) information does not exist and must 
therefore be created; and (2) the information exists 
and must be made available at the right time and 
place. In order to solve the first problem general use 
of computer in construction can be applied. Informa-
tion can be created by synthesis and analysis. For the 
second cause, computer integrated system needed to 
be implemented. 
Australia, in particular, is a large country with 
dispersed projects and team members usually head-
quartered in the major cities and regional centres. 
Extensive travel is therefore necessary, with ineffi-
ciencies in time and delays in decision-making. 
Hence, Weippert et al. (2002) and Kajewski and 
Weippert (2003) strongly argued that more innova-
tive Internet-based communication technologies 
could be used to help improve the flow of project 
communications to ensure: that communications oc-
cur in a controlled, timely and less costly manner 
than would traditionally be the case; that informa-
tion leakage is kept to an absolute minimum; and 
that all members of the project consortia are in pos-
session of the most up-to-date and accurate project 
information (See Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Typical V Central project communication 
3 RESEARCH OBJECTIVE 
The use of mobile computing technologies on the 
construction site aims to improve the costly and 
time-consuming process of data collection and 
analysis/processing at the interface physical site op-
erations, construction management activities and 
consultancy practice – project activities that are gen-
erally considered by contractors and consultants to 
be tedious and error-prone due to extensive informa-
tion leakage. Hence, the objective of the ongoing re-
search project is to investigating real application of 
mobile computing devices in the construction site 
including all benefits and possible barriers that may 
arise during the construction process. 
4 MOBILE COMPUTING 
Mobile Computing is a generic term describing the 
application of small, portable, and wireless comput-
ing and communication devices. This includes de-
vices like laptops and handheld devices (mobile 
phones, personal digital assistant, etc). Different 
people may have different perceptions in relation to 
the term of mobile computing. Basically, mobile 
computing is a computing paradigm designed for 
mobile workers and others who wish to have real-
time connection between a mobile device and other 
computing environment. Magdič et al. (2002) stated 
that the term mobile computing consisted of three 
important components: computer hardware, mobile 
networks and mobile services. Magdič et al. (2002) 
stated that mobile computing did not only involve 
mobile computing devices such as laptops, note-
books, PDAs and wearable computers, which were 
designed to be carried around, but it also related to 
the mobile networks where these computers were 
connected. Zimmerman (1999) commented that the 
term mobile computing was used to describe the use 
of computing devices to interact with a central in-
formation system, which was normally identified as 
fixed workplace, while the users away from that 
place. With this technology, the mobile worker is 
enabled to create, access, process, store and commu-
nicate information without being constrained to a 
single location. 
4.1 Hardware selection 
Hardware selection is recognised by many previous 
researchers as an important factor in the success of 
implementing mobile data capture in construction 
(Ward et al., 2004). Citing factors such as screen 
size, outdoor readability, battery power, physical 
unit size and robustness have been identified as im-
portant considerations in the selection of appropriate 
hardware for the construction site. 
Due to the existing limitations of mobile devices 
(limited computational power, disk space, screen 
size, etc), it can be claimed that mobile devices 
should not be considered general-purpose com-
puters. For example, a user cannot be expected to 
run complex simulations or compile and link huge 
software systems on these devices. Even though 
mobile devices will become increasingly powerful, 
they will never match the computational power and 
facilities available on typical desktop machines. In 
other words, it can be said that mobile computing 
fundamentally differs from desktop computing. Mo-
bile devices including PDAs, mobile phone and 
pocket PC, when compared to desktop computers 
have low computational power, small memory and 
often no mass storage (Jadid and Idress, 2005). 
Mobile computing is accomplished using a com-
bination of computer hardware, system and applica-
tion software and some form of communication me-
dium. Zimmerman (1999) argued that the 
characteristics of mobile computing hardware were 
defined by the certain types of features such as size 
and form factor; weight; microprocessor; primary 
storage; secondary storage; screen size and type; 
means of input and output; battery life; communica-
tion capability; expandability; and durability of the 
devices. 
By using the above characteristics, mobile com-
puting hardware can be grouped into the following 
general categories such as: Laptop, Personal Digital 
Assistant (PDA), Handheld PC, Pocket PC, Wear-
able Computer, Tablet PC, Smartphone and Portable 
Computer. 
4.2 Specifications for construction site 
Mobile computing hardware comes in many shapes 
and sizes. There are some requirements to make a 
mobile computer suitable for use at the construction 
site. The computer device needs to be portable and 
be able to be carried in one hand, robust and weather 
resistant (be able to be in the rain). The device 
should have long lasting battery to be used for one 
whole working day without a need to recharge the 
battery. Desirable would be functions as hand free 
usage and speech recognition (Eisenblaetter, 2001). 
In addition, the screen must be visible in bright 
sunlight and near darkness; and the device must be 
able to survive being dropped from about 1 m into a 
hard surface. This hardware is known as Rugged 
Computers. Examples of rugged handheld com-
puters can be seen in Figure 2. 
 
 
 
 
 
 
 
 
 
 
     
Figure 2. Rugged Handheld Computers and Rugged Tablet. 
Source: http://www.ruggednotebooks.com/ 
 
Moreover, the researchers believed that combining 
features such as dual digital cameras, a Global Posi-
tioning System (GPS) receiver, inclinometer, digital 
compass, touch screen and pen interfaces, bar-code 
reader, and wireless radio/mobile communications – 
all integrated into the single handheld devices – will 
allow users on-site to, for instance, take easy meas-
urements of construction objects from instantaneous 
digital photographs (allied with the accurate location 
and orientation of camera and object), and to pro-
vide this information to other stakeholders working 
across or off-site. When considering the use of 
handheld computers at the construction site, the de-
vices must be able to endure the harsh working con-
ditions and abuse inherent in the mobile nature of 
the work and the environment. 
4.3 Mobile computing in construction 
In the mid 1980s, project management software was 
readily available in the market. As a result, the use 
of computer devices at the construction site office 
has become commonplace for large contractors. 
However, Haas et al. (2002) commented that al-
though computers have been in use in the construc-
tion industry for many years, the application of 
handheld computing on the jobsite has been very 
limited so far. 
Investigations into the use of mobile computing 
devices in the construction industry were undertaken 
firstly by Bell and McCullouch (1988). They were 
the first to assess the potential of using 1-D barcodes 
in construction (See Figure 3) for auto identification. 
Since 1988, the use and investigation of the barcode 
system in construction industry, especially for mate-
rial management system and for bar-coded ID card 
for personal tracking, has become very familiar to 
practitioners and researchers. Some researchers 
looked at the use of 2D barcoding for facilities man-
agement in construction in an attempt to challenge 
the traditional centralised data storage method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. 1-D barcode in construction 
Source: COMIT 
 
In the early 1990’s the academic and industrial sec-
tors investigated the use of pen-based devices, in-
cluding the recently introduced Pocket PCs, for de-
veloping applications used in field data collection 
(Cox et al., 2002). This research was followed in 
1992 by researchers McCullouch and Gunn (Haas et 
al., 2002) in terms of the investigating the use of 
handheld computers in the construction jobsite. 
They developed a very early pen-based notebook 
computer for timesheet entry, materials received and 
daily reporting. In 1997, Bob McCullouch looked at 
the use of PDA’s for inspection and reporting tasks 
similar to previous work but more aimed at con-
struction inspection work rather than day-to-day 
management of construction data such as timesheets. 
The usage of PDA’s evolved vastly during that time 
and by 1999, these handheld computers were being 
used in a construction environment, even though 
their applications were only restricted to inspection 
tasks and inventory type work. 
The use of wearable computers was introduced 
by James Garret in 1998 (Garrett et al., 1998) in or-
der to support construction jobsites especially on 
bridge inspections for highways. A wearable com-
puter is a lightweight computer with all the func-
tionality and connectivity of a full functioned net-
worked desktop PC. It is supposed to be worn at the 
body of user and to leave the user’s hand free for 
other activities while using the computer (See Figure 
4). Equipped with a touch screen flat panel colour 
display, head mounted colour display (See Figure 5) 
with hands-free voice recognition and activation, the 
full-function of a wearable computer make it possi-
ble for workers to access data, file reports, send e-
mail and connect with the internet virtually any-
where. Similar activity was conducted by Danijel 
Rebolj on his research regarding the use of multiple 
mobile devices for inspection and recording tasks 
within highway maintenance and construction (Re-
bolj et al., 2000). 
 
 
 
 
 
 
 
 
 
 
 
 
    
Figure 4. Wearable computers 
Source: http://www.technology-watch.info/ 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Head-mounted display 
Source: http://en.wikipedia.org/wiki/Head-mounted_display 
 
Research from 1993 to 2000 concluded that the im-
plantations of handheld computers in construction 
have focused primarily on project management, 
schedule management, facility inspections, and field 
reporting applications, until 2002 when Ward et al. 
looked at the application of mobile computing on-
site for piling operations. That was mobile comput-
ing firstly used by active workers and not for inspec-
tion or reporting tasks. 
Over the last few years, the use of mobile com-
puting in construction has been developing in many 
areas with significant support of different software 
applications in the market. Yabuki et al. (2002) pro-
posed an on-site inspection system by using radio 
frequency identification (RFID) tags. RFID technol-
ogy has been around since the early 1920’s (Dargan 
et al., 2004), however, in their research Yabuki et al. 
(2002) proposed a new system for supporting on-site 
inspection of building and facilities by using and 
combining information technologies (IT) including 
RFIDs, voice input/output, wireless LAN, the inter-
net, and knowledge management by using 
VoiceXML (Extensible Markup Language). This 
technology was suggested by Dargan et al. (2004) as 
an alternative system to replace traditional barcod-
ing. RFID is a method of storing and remotely re-
trieving data using devices called RFID tags or 
transponders. An RFID tag is a small object, such as 
adhesive sticker, that can be attached or incorporated 
into a product (See Figure 6). With RFID technol-
ogy, no line of sight or direct contact is required be-
tween reader and the tag. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Examples of RFID tags. 
Source: Dargan et al., 2004 
 
Another significant support of software applications 
in the market was the possibility to visualize sub-
stantial 3D models on mobile handheld computers in 
the construction sites. With the advance of technol-
ogy, Lipman (2002) discussed the use of the Virtual 
Reality Modeling Language (VRML) on a Pocket 
PC. Figure 7 is a VRML model of a simple three 
story steel structure with diagonal bracing and a 
close up view of a beam-column connection. 
 
 
 
 
 
 
 
 
 
      
Figure 7. VRML models on a Pocket PC. 
Source: Lipman, 2002. 
 
The application of handheld devices on construction 
sites have become popular especially for automating 
field data collection process and construction man-
agement such as data recording, processing and dis-
tributing and also for daily inspection and punchlist-
ing (Cox et al., 2002; Magdič et al., 2004; Olofsson 
and Emborg, 2004; Vivoni et al.; Jadid and Idress, 
2005). The application included the use of handheld 
computers for recording building defects as con-
struction sites electronically, communicating that in-
formation to a central computer system and making 
that information available to other project partici-
pant. 
5 ENABLING TEAM COLLABORATION 
THROUGH MOBILE AND PERVASIVE 
COMPUTING RESEARCH PROJECT 
The need for improved project communication is a 
widely documented issue in the construction indus-
try. To facilitate the management of project informa-
tion and address project communication require-
ments, a number of ICT tools have been used with 
the aim of maximising benefits and reducing costs 
for the entire project team. Timely and accurate in-
formation is important for all project participants as 
it forms the basis on which decisions are made and 
physical progress is achieved. Wasted time and cost 
in construction projects can commonly be traced 
back to poor coordination caused by less than opti-
mum information handling and exchange that is in-
adequate, insufficient, inaccurate, inappropriate, in-
consistent, late or a combination of them all 
(Baldwin and Thorpe, 1999). 
Traditionally, project Information Exchange (IE) 
between designers and contractors has been mainly 
based on paper documents. These documents come 
in the form of architectural and engineering draw-
ings, specifications, and bills of quantities and mate-
rials. This practice has been far from satisfactory, 
with research showing that about two-third of the 
construction problems are being caused by inade-
quate communication and exchange of information 
and data. Research has also noted that 85% of com-
monly associated problems are process related, and 
not product related. These findings explain the 
growing awareness of the value of ICT to bring to-
gether the major parties in the construction process, 
and share project as well as industry information is a 
meaningful way. 
The applications of mobile computer are now 
gaining acceptance as useful tools at a construction 
site. Since the last five years, the usage of mobile 
computing in construction sites has been developing 
in many areas with a great support of different soft-
ware applications. With the advance of technology 
and specific software applications, it is now possible 
to visualise substantial 3D models on mobile hand-
held computers in the field. 
5.1 Focus group workshop and case study 
A focus group workshop amongst industry and uni-
versity partners was carried out in order to 
strengthen our research objectives. The workshop 
focused on the future direction of our research pro-
ject by discussing in details some possible real ap-
plications of mobile computing devices that suit in-
dustry needs in the construction site. Of some 
possibilities, the application of mobile computing 
devices in managing construction defects was ad-
dressed. A case study will be undertaken as a fol-
low-up action of the workshop. 
The case study project is used as an exemplar for 
the trial/demonstration of the adopted mobile com-
puting devices in the realistic contexts. This phase of 
our research project will involve the use of selected 
mobile computing and digital workbench devices by 
construction personnel to dealing with defect man-
agement activities. Figure 8 shows an example of 
mobile computing and digital workbench devices. 
Defects management is identified as a method of 
capturing information of any defect occurs in the 
construction projects and transferring the informa-
tion to off-site offices. 
 
 
 
 
 
 
 
 
    
   
Figure 8. Mobile computing and digital workbench devices. 
 
When people are working in a collaborative envi-
ronment, there is a need to resolve the inevitable de-
fects that occur during construction process rapidly. 
This traditionally was a labour-intensive process 
where defects are documented, broken up into sub-
tasks and assigned to the appropriate department to 
resolve them. Our proposed application will offer a 
defect management solution which assists industry 
to track defects and more efficiently manage resolu-
tion through the use of the above devices. Issues 
such as devices and/or process effectiveness, usabil-
ity and cost/benefit will be measured and assessed. 
In addition, the potential impact of the use of mobile 
computing devices on-sites in conjunction with a 
digital workbench device in the office will be ex-
plored. Our proposed defects management process 
map can be viewed in Figure 9. 
Although various construction firms have started 
implementing mobile computers as an application of 
ICT on the jobsite for gathering schedule, quality, 
layout, inspection, and other types of information, 
there have been very few real-world applications of 
mobile computing devices that may be considered an 
accepted way of doing business in construction. The 
case study seeks to obtain an industry–wide perspec-
tive of how mobile computer devices and digital 
workbench with their latest technologies can support 
the construction project activities, especially to im-
plement and test the capabilities of mobile computer 
devices to transferring information from construc-
tion sites to off-site offices and the effectiveness of 
digital workbench as an HCI device to support team 
collaboration activities. The concepts of the case 
study project are to geo-reference and identify ob-
jects on the construction sites as the basis for associ-
ating them with the digital model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Defects management process map. 
 
The initial approach of this case study is to conduct 
on-site interviews and site observations to determine 
actual defect management formal and informal proc-
esses. This will allow the development of a defect 
management software application to be trialled on 
industry partner construction projects. The software 
application is an automated inspection process that 
allows field supervisors to improve their productiv-
ity by streamlining the operation of the construction 
process. By using a single mobile device in the field, 
construction personnel will be able to remotely 
communicate voice, photographic, video, position-
ing and other data to its site office. The application 
is expected not only to serve as a way of tracking, 
managing and resolving defects, but will also pro-
vide an automatically generated knowledge man-
agement process for defect management across an 
organizations operations. Further, the software ap-
plication will make possible not only the capture of 
defects, but also the assignment of responsible con-
struction personnel and estimated costs to rectify the 
problems. By using a unique hierarchical WBS the 
project will be mapped in terms of items to be in-
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spected ensuring the inspection process is compre-
hensive and nothing is missed. 
5.2 Benefits, barriers and shortcomings 
The benefits of the application of information tech-
nology in construction industry have been exten-
sively researched. In this particular case study, 
which relates to defect management process, some 
potential benefits are expected such as identifying 
and resolving construction defects at an early stage; 
eliminating delays in communicating defects 
amongst project participants - save times and data 
flow efficiencies; real-time access to relevant infor-
mation at the construction sites; increasing produc-
tivity of inspectors by eliminating data re-entry in 
the office; reducing the response waiting time; re-
ducing paperwork and manual report writing; stan-
dardising work flow process; and ability to evaluate 
trends. 
Haas et al. (2002) introduced that the barriers of 
using handheld computer in construction were a re-
sult of two factors: (1) the handheld technology’s 
limitations and (2) the characteristics of construction 
industry. The technology’s limitation included the 
features of the handheld computer such as form fac-
tor, input interface, operating system; and the speci-
fications of the handheld computer. The construction 
industry barriers consist of the physical jobsite con-
ditions (such as temperature, humidity, dust, etc) as 
well as organisational issues (such as the familiarity 
of the construction personnel with handheld com-
puters). Another problem identified by Haas et al. 
(2002) was related to the reliability of the wireless 
network connection. During the case study, Haas et 
al. (2002) experienced frequent interruptions in the 
network connection that either caused by a weak ra-
dio signal or by interference. 
Implementation of Digital Construction (2003) 
found significant barriers to using ICT (including 
mobile computers) in the building industry. The bar-
riers were grouped into four categories such as tech-
nological barriers; barriers relating to overall econ-
omy (financial); organisational/cultural barriers; and 
legal barriers. These barriers were found in connec-
tion both with internal company use of ICT and with 
data and information interchange. However, they as-
sumed different specific forms in the two areas. The 
fourth type, the legal barriers, was most relevant to 
data interchange between companies. This argument 
was supported by another researcher (Beyh and 
Kagioglou, 2004) who experienced some significant 
barriers in the implementation of IP telephony in the 
UK construction industry.  
6 CONCLUSION 
This paper describes the possibility of the real appli-
cation of mobile computing devices in the construc-
tion site that promises significant benefits in chal-
lenging construction defects management. The most 
significant benefit is the devices’ ability to provide 
construction workers with real-time access to rele-
vant information at the construction sites, and to 
send real-time information back from sites to the ap-
propriate decision makers. In addition, with the ap-
propriate use of a mobile device on-site, the accu-
racy of the information being exchanged can be 
improved and made it more efficient. It should be 
mentioned as well that implementation of new tech-
nologies is always accompanied by many chal-
lenges. Important issues related to barriers of using 
mobile computing technologies on-site need to be 
considered. 
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